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MAKING PANEL REINFORCEMENTS DURING 
HOT STRETCH FORMING 

TECHNICAL FIELD 

[0001] This invention pertains to hot stretch forming of 
sheet metal panels With reinforcing patches. More speci? 
cally, this invention pertains to locating the sheet metal patch 
pieces on a forming tool before the sheet metal blank for the 
panel is stretched against the tool and patches. 

BACKGROUND OF THE INVENTION 

[0002] Hot stretch sheet forming of certain high elonga 
tion aluminum alloys has been used to make one-piece body 
panels for automotive vehicles. 

[0003] Cold rolled sheets of ?ne-grain magnesium and 
manganese containing alloys are heated to a forming tem 
perature in the range of, for example, 400 to 510° C. and 
stretch formed against a heated forming tool surface into the 
shape of the panel. A sheet blank is gripped at its edges 
betWeen the forming surface tool on one side of the sheet 
and an opposing tool de?ning a pressure chamber on the 
other side of the blank. A pressuriZed Working gas is 
admitted into the chamber stretching and draping the heat 
softened sheet into compliance With the forming surface. 
After forming, the pressuriZed gas is released, the hot tools 
are parted, and the formed hot sheet product carefully 
removed from the forming tool to a cooling rack. 

[0004] The sheet metal blanks are typically about one to 
three millimeters thick and there is some localiZed thinning 
of the sheet material during the stretch forming process. In 
applications involving the forming of automobile body 
panels, the original blanks are often generally rectangular 
With sides three or four feet in length. When a passenger 
compartment ?oor pan for a vehicle is to be stretched 
formed, the blank is considerably larger. 

[0005] Sometimes a panel design requires reinforcement 
pieces to be attached at speci?c locations on a side of the 
one-piece panel. Such reinforcing pieces are often consid 
erably smaller than the panel to Which they are to be 
attached. These reinforcement sheet pieces may provide 
local thickening for structural support or for attachments or 
the like. They have been formed separately and Welded or 
otherWise suitably attached to the formed panel during ?nal 
assembly. It Would be desirable to form the reinforcement 
pieces When the main panel is being stretch formed so that 
the reinforcement precisely ?ts the formed part. HoWever, it 
is necessary to suitably position reinforcing sheet pieces on 
the relatively large area tool for forming the hot sheet blank. 
When a number of parts are being produced successively the 
forming tool is hot and the reinforcing piece must be 
positioned on a hot forming surface of the tool. 

[0006] Accordingly, it is an object of this invention to 
provide a practice for locating pieces, sometimes relatively 
small pieces, of sheet metal on a forming tool before a sheet 
metal blank is gripped over the tool surface for hot stretch 
forming into a body panel or the like. 

SUMMARY OF THE INVENTION 

[0007] This invention pertains to hot stretch forming of 
sheet metal parts in combination With sheet metal reinforc 
ing pieces. The method is particularly applicable to the high 
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temperature forming of automotive vehicle body panels 
from magnesium and manganese containing aluminum 
alloys, such as AA5083, under superplastic forming condi 
tions or quick plastic forming conditions. The practice of the 
invention Will be illustrated in the forming of a one-piece AA 
5083 sheet metal vehicle ?oor pan With reinforcement pieces 
for anchoring seat assemblies to a portion of the passenger 
compartment ?oor panel. HoWever, it is to be understood 
that the invention is applicable generally to high temperature 
sheet metal stretch forming operations Where patches or 
reinforcing sheets are to be attached to a main sheet metal 
part. 

[0008] Hot stretch forming of sheet metal alloys typically 
uses at least tWo opposing and complementary tools that are 
heated to a suitable forming temperature for the sheet 
material. In the case of AA5083 sheet this temperature is 
typically near 500° C. The tools are moved betWeen an open 
position for removal of a ?nished part and insertion of a neW 
sheet metal blank, and a closed position in Which the edges 
of the blank are gripped and gas pressure is applied to form 
the panel. A tool on one side of the blank provides the 
forming surface for the part such as a vehicle door or tailgate 
panel or body ?oor pan. An opposing tool on the other side 
of the sheet provides a chamber for application of pressur 
iZed gas. In accordance With this invention one or more 
reinforcing sheet metal pieces is placed on the hot forming 
tool in a predetermined location for forming of the rein 
forcement piece against the portion of the sheet that is to be 
reinforced in the ?nished part. 

[0009] The reinforcing sheet(s) is typically someWhat 
smaller than the primary part to Which it is to be attached. 
The piece must be located on the forming tool surface so that 
it is formed against the appropriate surface region of the 
part. The forming tool may have been preheated or it is 
heated as part of the forming operation. Accordingly, one or 
more locator features are formed or embedded in the form 
ing tool surface Where the reinforcing piece is to be formed. 
For eXample, a locator pin or a tool surface shape is suitable 
for this purpose. One or more corresponding locator holes or 
notches are formed in each reinforcing piece. Then a robot 
arm or other placement mechanism can place the reinforcing 
piece on the locator pin on the forming tool surface. The 
length of the pin or locating tool surface feature eXtending 
above the forming tool surface is speci?ed to secure the 
position of the reinforcement sheet Without damaging or 
undesirably altering the shape of the principal sheet. 

[0010] The sheet metal blank is then inserted betWeen the 
open tools and the press mechanism closes them against the 
edges of the sheet for the stretch forming operation. Applied 
gas pressure stretches the larger blank against the trapped 
reinforcing pieces and against the forming tool surface. The 
?oor pan and the reinforcing pieces are shaped at the same 
time and the formed panel and formed reinforcing pieces are 
removed from the tools. The nature of the removal of the 
co-formed sheet parts depends largely on their respective 
shapes. Sometimes the parts are mechanically attached by 
the forming process and are removed together from the 
forming surface. Sometimes the parts are removed sepa 
rately. Sometimes a bonding agent is used to attach the parts 
and they are removed together. But the general intent of the 
invention is that the formed-to-shape sheet parts Will be 
attached in the completed assembly. For example, in the 
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manufacture of the ?oor pan the reinforcing pieces are 
Welded to it or otherwise attached after the forming step. 

[0011] The reinforcing pieces may be formed on top of a 
forming tool surface and this practice Will result in an offset 
in the primary panel surface. Alternatively, suitable recesses 
for the reinforcing pieces may be made in the surface of the 
forming tool so that the shape of the principal part is not 
affected by the interposed reinforcing piece. During the 
forming of the reinforcing pieces, markings for identi?ca 
tion may be imprinted on their surfaces for later use in 
attaching them at the appropriate location on the ?nished 
and cooled part. 

[0012] In this illustration, several reinforcing pieces for 
attachment of seat assemblies to a vehicle ?oor pan may be 
shaped at the same time that the ?oor structure itself is 
formed. After the ?oor panel is cooled and trimmed, etc, the 
reinforcing pieces are fastened, e.g. Welded, to the panel at 
the seat attachment locations. 

[0013] Thus, this invention provides a method for location 
of small sheet metal reinforcing or patching pieces on a hot 
forming tool surface for forming simultaneously With a 
larger sheet metal part. Other objects and advantages of the 
invention Will be apparent from a detailed description of 
speci?c embodiments Which folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a plan vieW of a formed sheet metal 
vehicle ?oor pan shoWing regions on the shaped part Where 
correspondingly shaped smaller reinforcing pieces are to be 
attached. 

[0015] FIG. 2 is an enlarged vieW of region 2 of FIG. 1 
shoWing the shaped and attached reinforcing pieces. 

[0016] FIG. 3 is an oblique vieW of a portion of a forming 
tool shoWing locator pins for tWo reinforcing pieces. The 
blanks for the reinforcing pieces are shoWn aligned above 
the tool and locator pins. 

[0017] FIG. 4 is cross-sectional vieW of FIG. 3 in direc 
tion 4-4 shoWing the tool, locator pins, formed reinforcing 
pieces and overlying formed ?oor panel. 

[0018] FIG. 5 is a vieW of a portion of the forming tool of 
FIG. 3 shoWing identi?cation symbols for impressing on a 
reinforcement piece as it is being formed. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0019] High elongation magnesium and manganese con 
taining aluminum alloy sheet stock can be hot stretch formed 
into intricate shapes such as are required in automotive body 
panels. An eXample of this practice is described in US. Pat. 
No. 6,253,588, entitled Quick Plastic Forming of Aluminum 
Alloy Sheet Material. This ’588 patent is assigned to the 
assignee of this invention and its disclosure of such hot 
stretch forming is incorporated into this speci?cation by 
reference. 

[0020] An eXample of a commercial superplastic formable 
aluminum alloy Which is used in quick plastic forming or 
related superplastic forming practices is aluminum alloy 
5083. AA5083 has a typical composition, by Weight, of 
about 4 percent to 5 percent magnesium, 0.3 to 1 percent 
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manganese, and maXimum amounts of about 0.25 percent 
chromium, about 0.1 percent copper, about 0.3 percent iron, 
and about 0.2 percent silicon and the balance substantially 
all aluminum. Generally a homogeniZed ingot of the cast 
alloy is hot rolled and then cold rolled to a desired sheet 
thickness from about 1 to about 4 millimeters. In its high 
elongation form, cold rolled AA5083 sheet material is 
recyrstalliZed to have a microstructure characteriZed by 
?nely dispersed particles of intermetallic compounds With a 
grain structure of about 10 micrometers or less. 

[0021] The sheet material is shaped in a hot stretch form 
ing process. The edges of a suitable sheet blank that has been 
preheated to a forming temperature are gripped betWeen 
opposing, complementary hot forming tools. One of the 
tools is shaped to provide a forming surface against Which 
the hot sheet is pressed and stretched. The opposing tool 
de?nes a pressure chamber on the opposite side of the sheet 
for application of a pressuriZed Working gas. The tools may 
be placed in a heated press or they may be internally heated 
With resistance heating elements to a suitable hot forming 
temperature typically in the range of about 450° C. to 510° 
C. The tools are carried in a press structure in Which one tool 
is typically stationary and the other tool is moved betWeen 
open and closed positions. The sheet is inserted betWeen 
opened tools and they are closed to grip the edges of the 
sheet. High pressure gas introduced in the tool chamber on 
one side of the sheet pushes and stretches the sheet into 
conformity With the shape de?ning surface of the other tool. 

[0022] The stretch forming of the hot sheet against the 
internally heated and insolated tools typically requires about 
60 to 150 seconds depending upon the siZe and shape of the 
part and the formability of the sheet metal material. Some 
times it is desired to provide an additional sheet layer of 
reinforcing material for attachment to one side of the hot 
stretch formed sheet product. The overall thickness and 
shape of the hot formed sheet product provides adequate 
strength for its application over most of its surface area. 
HoWever, sometimes it is desired to provide additional 
thickness of sheet reinforcement in selected areas of the 
sheet. For eXample, an automobile ?oor pan can be formed 
of a large sheet (for eXample, 1230 mm by 3060 mm by 1.3 
mm) of AA5083 aluminum alloy. Rails for seat assemblies 
Will later be attached to the ?oor pan sheet and it may be 
desirable to attach a strip of reinforcing AA5083 sheet 
material to one side of the ?oor pan Where the rails are to be 
attached. Typically such reinforcing strips are formed sepa 
rately from the hot forming operation of the main panel. The 
reinforcing strips are not particularly large and can be 
formed to more or less match the shape at the portion of the 
main panel to Which they are to be attached. This invention 
provides a practice by Which the reinforcing strips can be 
formed at the same time as the main panel and at the 
intended location to Which they Will be later attached in an 
assembly operation. 

[0023] FIG. 1 is a schematic plan vieW of the bottom 
surface 12 of a one-piece hot stretch formed AA5083 ?oor 
pan 10 for a car. Bottom surface 12 Was in direct contact 
With the heated stretch forming tool Which is not shoWn 
eXcept for the portions of the tool shoWn in FIGS. 3, 4 and 
5. Bottom surface 12 is not ?at but shaped to underlie the 
vehicle passenger compartment (front end 14) and the trunk 
compartment (rear end 16). The front end 14 of ?oor pan 10 
is shaped With fore-aft and transverse stiffening channels 18 
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and four transverse channels 20, 22, 24, and 26 for support 
ing seat rails. The rear end 16 of ?oor pan 10 also contains 
integrally formed features such as reinforcing channels 28 
and spare tire Well 30. However, the shape features of ?oor 
pan 10 that are of signi?cance in the practice of the subject 
invention are transverse channels 20-26 for supporting seat 
rails and the driver seat and passenger side seat assemblies, 
not shoWn. 

[0024] Transverse channels 20 and 22 support a passenger 
seat assembly and transverse channels 24 and 26 underlie 
seat rails for a driver seat. Since ?oor pan 10 is vieWed from 
its bottom side 12, the transverse channels 20-26 each 
eXtend upWardly into the plane of FIG. 1 and are steeply 
trapeZoidal in cross-section. In the assembly of a vehicle 
incorporating ?oor pan 10 tWo shaped reinforcement parts 
32 and 34 Will be Welded into channel 24 and a shaped part 
36 Will be Welded into channel 26. Identical reinforcement 
parts, not shoWn, are also Welded into passenger seat chan 
nels 20 and 22. In accordance With this invention, reinforc 
ing parts 32, 34 and 36 are formed on the hot forming tool 
at the same time that ?oor pan 10 is hot stretch formed on 
the tool. The practice of the invention Will be illustrated With 
respect to the forming of sheet reinforcing parts for channels 
24 and 26. But like reinforcing parts Would be formed 
simultaneously in and With the forming of transverse chan 
nels 20 and 22. 

[0025] FIG. 2 is an enlarged schematic vieW of region 2 
of FIG. 1. The illustrated portion of ?oor pan 10 shoWs 
longitudinal stiffening channels 18 and front transverse 
channel 24 and rear transverse channel 26 for the driver seat 
rails. Spanning the bottom and sides at tWo spaced locations 
of channel 24 are tWo initially rectangular reinforcing sheets 
32 and 34 that have been shaped to the channel cross 
sectional pro?le. Fitted into channel 26 and lying along its 
aXis is reinforcing piece 36. Reinforcing piece 36 has a 
central strip portion With three tabs 40 at each end. Rein 
forcing piece 36 is shaped to lie in channel 26. In the 
assembly of ?oor pan 10, the three reinforcing pieces 32, 34, 
and 36 are respectively Welded in the channels 24 and 26 in 
the locations shoWn in FIGS. 1 and 2. In prior art practice, 
these strips Would be simply separately formed and then 
eventually Welded into channels 24 and 26 (With like rein 
forcing pieces Welded in channels 20 and 22) after the hot 
stretch formed sheet metal ?oor pan 10 had been cooled, 
trimmed and Was otherWise ready for assembly into a 
vehicle body structure. In accordance With this invention, 
the reinforcing pieces are formed from sheet metal blanks at 
the same time as the ?oor pan is shaped and in the position 
on the ?oor pan at Which they Will ultimately be attached. 

[0026] As stated, integrally heated forming tools are pre 
pared for the hot stretch forming of ?oor pan 10 and its 
reinforcing pieces such as pieces 32, 34 and 36. The prin 
cipal forming tool provides detailed shape of the ?oor pan 10 
that is illustrated in FIG. 1. A complementary tool provides 
the chamber for pressuriZed gas on the opposite side of the 
sheet. These tools are not shoWn in their entirety. But FIG. 
3 is a broken-aWay portion, partly in cross-section, of 
forming tool 110 for the shaping of ?oor pan 10 in the region 
of channels 24 and 26. 

[0027] Floor pan forming tool 110 includes relieved chan 
nel surfaces 118 for forming longitudinal reinforcing chan 
nels 18 in ?oor pan 10. The illustrated portion of tool 110 
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also contains upstanding forming surfaces 124, 126 for 
transverse reinforcing channels 24 and 26 in ?oor pan 10. 
ShoWn elevated above tool 110 in FIG. 3 are ?at sheet metal 
blanks 132, 134 and 136. These ?at blanks are trimmed and 
shaped to be formed, respectively into reinforcement pieces 
32, 34 and 36. Holes 138 or slots 140 are formed in the 
blanks for the reinforcing pieces. Holes 138 and/or slots 140 
are siZed and located in trimmed blanks 132, 134 and 136 to 
enable the blanks to be suitably placed over locator pins 144 
on the channel forming members 124 and 126 of forming 
tool 110. The round locator pins 144 are simply illustrative 
of a variety of shapes of locating elements that can be 
formed in, or inserted in, the surface of forming tool 110 to 
position the blank reinforcing pieces Within location toler 
ances required for the suitable shaping of the reinforcing 
pieces against the principal panel part. Similarly the location 
and shape of the slots or holes are illustrative of the 
complementary locating features cut into the reinforcing 
blanks to place them on the hot forming tool surface for 
subsequent stretch forming When pressed against the surface 
by an overlying panel blank as is illustrated in FIG. 4. 

[0028] Thus it is contemplated that When the press is 
opened and the forming tool, a portion of Which is shoWn in 
FIG. 3, and the complementary chamber de?ning tool, 
Which is not illustrated in FIG. 3, are opened a mechanical 
robot or other part positioning device can be employed to 
place the blanks 132, 134, 136 for the reinforcing pieces 
against the hot tool 110 With the holes 138 and/or slots 140 
of the blanks 132, 134, 136 ?tted around the locating pins 
144. Holes 138 are siZed to permit easy ?tting of the blank 
over a locating pin 144 and shaping of the blank during hot 
stretching. Slots 140 are useful in directions in Which the 
blank may experience substantial elongation. Preferably the 
heights of the locating pins 144 are determined so that they 
do not impress an unWanted hole or cavity in the surface of 
the main sheet metal blank or part 10. 

[0029] The blanks 132, 134, 136 of the reinforcing pieces 
are placed on the hot tool 110 suitably before the large sheet 
metal blank, not shoWn, for the main panel structure is 
placed over the forming tool and gripped at the edges of the 
tool and the edges of the sheet for the hot stretch forming 
operation. Gas pressure is admitted to the other side of the 
sheet metal blank and the sheet metal blank is pressed and 
draped into conformance With the Whole of the forming tool 
110. At the same time that the main sheet is being formed it 
eXerts pressure on the noW hot blanks 132, 134, 136 of 
reinforcing material and they too are shaped in conformity 
With the surface of forming tool 110. 

[0030] FIG. 4 is a cross-sectional vieW of a portion of 
heated forming tool 110, the ?oor pan panel 10 in the region 
of the reinforcing channels 24, 26. Reinforcing pieces 34, 36 
are formed complementary to the adjacent surfaces of the 
?oor pan panel 10. In this embodiment no recess Was 
provided in tool 110 for the reinforcing parts 32, 34, 36. As 
seen in FIG. 4 the portions of the ?oor pan 10 overlying the 
edges of reinforcing parts 34, 36 are displaced around the 
edges. In applications in Which this displacement is not 
desired or tolerable the surface of tool 110 can be suitably 
recessed to receive reinforcements 34, 36 Without affecting 
the shape of ?oor pan 10. 

[0031] As further illustrated in FIG. 4, reinforcing pieces 
34 and 36 are not likely to be mechanically trapped by ?oor 
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pan panel 10 When the panel is removed vertically from tool 
110. As seen in FIG. 4, panel 10 does not enclose the ends 
of either reinforcing piece 34 or 36 so as to enclose them 
upon vertical lifting of the panel. The reinforcing pieces Will 
likely be removed from tool 110 after panel 10 has been 
lifted aWay. HoWever, in the case Where the sides of a 
reinforcing piece, such as either piece 34 or 36 do not eXtend 
doWn the full vertical length of the respective channel 
forming surface portion, 124 or 126, panel 10 may be pushed 
around the ends of the reinforcing piece during hot forming, 
mechanically trapping it. In this case, a reinforcing piece 
Will be mechanically secured by an overlying formed sheet 
metal part and carried With the part When it is lifted from the 
forming tool surface. 

[0032] After the 60 to 110 seconds or so of the forming 
operation, the forming tools are opened and the ?oor pan 
panel 10 is carefully removed from the forming tool 110 as 
are the reinforcing pieces 32, 34, 36. The ?oor pan 10 and 
reinforcing pieces 32, 34, 36 are cooled and subjected to any 
trimming or ?nishing operations that may be required. They 
are later brought together for Welding of the reinforcing 
pieces 32, 34, 36 against the bottom side of reinforcing 
channels 24, 26 of ?oor panel 10. 

[0033] It is recogniZed that a large stretch formed part like 
a ?oor pan may require several reinforcing pieces that are to 
be attached later to the formed panel after cooling and 
trimming. In accordance With this invention, identi?cation 
markings or symbols may be imprinted or embossed in the 
reinforcing pieces as they are being formed against the main 
panel. FIG. 5 illustrates a portion 124 of forming tool 110 
for forming the channel 24 in ?oor pan 10 and reinforcing 
piece 32 or 34. As the reinforcing piece is being formed on 
tool surface 124 it can be imprinted With one or more 
identifying markings such as those illustrated at 150, 152, 
154, 156, or 158 formed in surface 124 of tool 110. For 
eXample, markings 150 are seen on reinforcement s 32 and 
34 in FIG. 2. 

[0034] While the invention has been described in terms of 
this illustrative embodiment, it Will be appreciated that other 
sheet metal materials could be formed and other objects With 
reinforcing sections could be formed. Accordingly, it is to be 
understood that the invention is not to be limited by the 
speci?c illustrations by only by the scope of the folloWing 
claims. 

1. A method of stretch forming a sheet metal part having 
a predetermined three-dimensional con?guration together 
With a reinforcing sheet metal piece to be located on a 
portion only of the shaped surface of the part, the method 
comprising: 

placing a blank for the reinforcing piece With a locator 
hole on a forming tool surface, the forming surface 
de?ning the three-dimensional con?guration of the part 
and having a locator pin at the portion of the con?gu 
ration for the locator hole of the reinforcing piece 
blank, the locator hole of the blank being placed over 
the locator pin; 

hot stretch forming a sheet metal blank for the panel 
against said forming surface to said three-dimensional 
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con?guration While simultaneously forming said rein 
forcing piece at the portion of said con?guration; 

removing the formed part and formed reinforcing piece 
from the forming tool surface; and thereafter 

attaching the reinforcing piece to the part at the portion of 
the part con?guration. 

2. The method of stretch forming a sheet metal part as 
recited in claim 1 in Which the part and reinforcing piece are 
both formed of a superplastic formable aluminum alloy. 

3. The method of stretch forming a sheet metal part as 
recited in claim 1 in Which the part and reinforcing piece are 
both formed of a superplastic formable aluminum alloy and 
the forming surface is heated to a temperature over 400° C. 

4. The method of stretch forming a sheet metal part as 
recited in claim 1 in Which the thickness of the reinforcing 
piece is greater than the thickness of the sheet metal part. 

5. The method of forming a sheet metal part as recited in 
claim 1 in Which the locator hole in the blank for the 
reinforcing piece is slotted to permit aXial elongation of the 
blank along the aXis of the slot. 

6. The method of forming a sheet metal part as recited in 
claim 1 in Which the forming tool surface is recessed to 
receive the thickness of the reinforcing piece. 

7. A method of stretch forming a superplastic, magnesium 
containing, aluminum alloy sheet metal part having a pre 
determined three-dimensional con?guration together With a 
reinforcing sheet metal piece to be located on a portion only 
of the con?guration of the part, the method comprising: 

placing a blank for the reinforcing piece With a locator 
hole on a forming tool surface heated to a temperature 
above 400° C., the forming surface de?ning the three 
dimensional con?guration of the part and having a 
locator pin at the portion of the con?guration for the 
locator hole of the reinforcing piece blank, the locator 
hole of the blank being placed over the locator pin; 

stretch forming a preheated sheet metal blank for the 
panel against said forming surface to said three-dimen 
sional con?guration While simultaneously forming said 
reinforcing piece at the portion of said con?guration; 

removing the formed part and formed reinforcing piece 
from the forming tool surface; and thereafter 

attaching the reinforcing piece to the part at the portion of 
the part con?guration. 

8. The method of forming a sheet metal part as recited in 
claim 7 in Which the locator hole in the blank for the 
reinforcing piece is slotted to permit aXial elongation of the 
blank along the aXis of the slot. 

9. The method of forming a sheet metal part as recited in 
claim 7 in Which the forming tool surface is recessed to 
receive the thickness of the reinforcing piece. 

10. The method of forming a sheet metal part as recited in 
claim 7 in Which the part is a ?oor pan for a vehicle and the 
reinforcing piece is reinforcement of the ?oor pan for 
attachment of a seat assembly. 

* * * * * 


